We study a situation where, as a consequence of private information, agents do not have the incentive to invest in a public good if they are unable to have prior discussion with their partners. We show that in a voluntary contribution mechanism with cheap talk, any finite message space does not provide efficiency gain relative to a binary message space when agents truthfully report their type. Using laboratory experiments, we observe that communication is a useful mechanism to enhance efficiency, mainly by allowing players to coordinate on the zero contribution when the project is not desirable for at least one of them. However, we find that such efficiency gain seems to be very limited, since the simplest communication structure ("Yes" or "No" messages) provides the same incentives to the agents as larger message spaces.
Introduction
A recurrent issue in Economics is understanding when the collection of individual choices is able to generate the socially desired outcome, such as the provision of a public good or the implementation of a joint project. The literature shows that under asymmetric information or coordination failure, individual actions may lead to allocations that yield suboptimal outcomes. However, it has been shown that communication, an inherent aspect to human relations, can be helpful in aligning individual incentives to social ones, i.e., one can enhance efficiency by allowing subjects to use costless and non-binding messages.
Looking at economic relations, it is unlikely that agents would commit resources to a joint relationship without prior discussion with their partners. For example, no entrepreneur would invest in a project when he does not have information about his partner's intended contributions. Similarly, two parties would not engage in building an alliance without any sign of commitment by the other party. In both these situations, a unilateral decision would be too risky for agents and communication arises as a coordination device to reduce the risk inherent in the relationship and, possibly, to increase efficiency.
This article studies a situation where, as a consequence of private information, agents do not have an incentive to invest in a public good if they are unable to have prior discussions with their partners. It has been shown (Agastya et al. 2007 ) that by adding a prior stage of communication (binary message space) there exist situations where individuals have incentives to invest and the project is undertaken. This provides some efficiency gain relative to the no communication game where, unless stated otherwise, efficiency is measured by the probability of the project being undertaken. We show, however, that gains from communication are very limited since any finite message space does not increase the probability of the project being implemented and Sobel's results.
In contrast to the above models, Palfrey and Rosenthal (1991) used an environment where both players have private information and decision power. In a binary setting, they showed that perfect coordination is not Bayesian-incentive compatible and that agents have weak incentives to free-ride in this kind of game. Doraszelski et al. (2003) used a similar model to analyze the substitutability between communication and voting. The authors found that both are perfect substitutes, or intuitively, that communication works as a pre-play version of the decision game where agents have zero payoff in the first round of the game.
Our basic model departs from a similar structure which uses two privately informed agents who can contribute continuously, as in Agastya et al. (2007) . That paper showed that without communication, agents do not have an incentive to contribute to the public good and that binary communication gives them incentive to provide the public good with positive probability. In a n-player setting, Kawamura (2011) shows there always exists an equilibrium where binary messages are credible and that, when n goes to infinity, the most efficient equilibrium is the one with binary communication.
These cheap talk results are not limited to the voluntary contribution mechanism (VCM) literature. Farrell (1987) showed that cheap talk can achieve partial coordination in a game similar to the "battle of the sexes". Forges (1990) used a job market application to show that the set of payoffs found in an equilibrium of the cheap talk game is larger than in the original game. Baliga and Sjostrom (2004) used an arms race context to show that cheap talk helps players to coordinate their action in reaching the payoff dominant equilibrium of a "stag hunt" game.
Given the difficulty of testing these models with field data, several authors had undertaken laboratory experiments to help understand the role of cheap talk. Isaac and Walker (1988) added a communication stage to a VCM model without threshold and observed that communication reduced the free-rider behavior. Closer to our article, Menezes and Saraiva (2005) studied the effects of binary communication and a refund scheme in a threshold VCM model similar to Menezes et al. (2001) , and found that only the refund rule increased contribution. Palfrey and Rosenthal (1991) tested their theoretical findings with an experiment where both messages and actions are binary. In this sense, the public good threshold is not on the contributed amount (as in our case) but on the number of contributing subjects. Their experiments supported the no communication equilibrium and suggested that subjects use a cutoff decision rule when it is optimal to do so. However, they observed that communication failed to provide efficiency gain and that players' behavior in the communication stage was very non systematic. Cai and Wang (2006) tested the Crawford and Sobel (1982) model in a discrete setting (states, messages, and action). Their results supported the finding that communication leads to efficiency gain and that the closer the preferences of principal and agent, the more the agent transmits information. The authors observed that subjects over-communicate as message senders, in the sense that messages are more informative than the model predicts. Also, they found that messages are more informative to receivers, since they rely on them more than expected. This "truth bias" on communication also was observed by Kawagoe and Takizawa (2009) relative to a level-k model.
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Some papers went beyond the theoretical models and studied how face-to-face communication affects public good provision, such as Cason and Khan (1999) , and Belianin and Novarese (2005) . As is usual in experiments with this kind of treatment, both found that communication increases cooperation. Bochet et al. (2006) addressed this issue by designing an experiment with three types of communication in a standard VCM model: face-to-face communication, anonymous chat room, and numerical messages. They found that verbal communication (i.e., face-to-face and chat room) strongly increased cooperation, while the numerical messages affected neither efficiency nor contributions.
In the coordination literature, Cooper et al. (1989) did not observe coordination failure on a "battle of the sexes" game with cheap talk. In a later work, Cooper et al. (1992) showed that one-way communication or two-way communication can have different effects depending on whether the game has a Pareto-dominant strategy. Other experiments have studied cheap talk in various contexts such as bargaining. Crawford (1998) is a good survey of experiments on cheap talk.
The model
We model the investment choice of two players participating in a joint project, similarly to Agastya et al. (2007) .
2 Player I(= 1, 2) has an initial endowment w I and has to decide privately how much to contribute, c I , to a joint project. This project is undertaken when the sum of the contributions is greater than or equal to the project cost k, i.e., the joint project is undertaken if c 1 + c 2 ≥ k.
Each player I is given his own valuation for the joint project, which is private information. The project value for each player is a random variable with a continuous distribution function F I independently distributed in the interval [v I , v I ], where 0 ≤ v I < v I .
An agent's payoff is a function of his project value, the amount invested by him in the joint project, c I , and the total amount invested in the project:
The benefit of not undertaking the project is normalized to zero. We assume that it may be advantageous for players to undertake the project, i.e., v 1 + v 2 > k (otherwise the problem would not make sense). On the other hand, if v 1 + v 2 ≥ k, it is always ex post efficient to implement the project, and we have a class of equilibria such that the public good is always provided and the private information is irrelevant. So, in order to make the private information critical, we assume that v 1 + v 2 < k. Since our interest is in studying the interaction between agents, we want each player to be pivotal for the project, i.e., neither agent should have the incentive to implement the project individually. To avoid equilibria in which a player with a sufficiently high value individually provides the public good, we assume that v I < k for I = 1, 2.
The contribution game
First we analyze the game without communication between players. It is a one stage game where each player observes his assigned project value and decides how much to invest in the joint project. Let
is said to be an equilibrium of this game. We define the following special strategies:
, is said to be a threshold strategy if there exists
We say that an equilibrium is a cost sharing equilibrium if both players use a threshold strategy. Agastya et al. (2007) proved that a necessary and sufficient condition for the existence of a cost sharing equilibrium is that a pair of players' types exists such that the sum of expected benefits exceeds the project's costs, i.e., there exists v I ∈ [v I , v I ), I = 1, 2, such that
We are interested in understanding how communication can increase the probability of a project being undertaken. So, we look at the extreme case where the only equilibrium of the contribution game is totally inefficient, i.e., the project is never undertaken. In order to do so, we assume that the priors are concave, i.e., 
is concave for I = 1, 2, then in the unique equilibrium of the contribution game, each player makes a zero contribution. The project is never undertaken.
The intuition
3 of this result is that when F I (·) is concave, the left hand side of condition (2) is convex and its maximum is achieved in one of the distribution's support corners (
Evaluating (2) in these four cases one can see that this condition is never satisfied. 4 
The contribution game with cheap talk
One way to address the extreme result of Proposition 1 is by allowing players to have a prior discussion about their intentions. We do this by introducing a prior communication stage to the game. This new stage makes the equilibrium set larger, which allows us to look for the existence of more efficient equilibria. The timing of the game is the following:
1. Nature plays and v I is realized, I = 1, 2; ) we do not restrict messages to be binary. We follow Crawford and Sobel (1982) and define the message space as a finite partition of the interval [v I , v I ]. The idea is that each player can send a signal indicating his type or his intention, by communicating an element of the message space. Technically, m I ∈ Λ I , where Λ I ∈ Λ I . The collection of finite partitions Λ I , I = 1, 2, is defined by the elements:
where n ∈ N and v I ≡ a 0 < a 1 < ... < a n ≡ v I . So, we have changed the single-stage contribution game to a two-stage game with cheap talk communication in which players may send any message independent of their assigned project valuation. Since there is no commitment in the first stage, players also can choose freely in the contribution stage despite any exchanged messages. Let this two-stage game be denoted by (Λ 1 , Λ 2 ), where Λ 1 and Λ 2 are the two message sets. The equilibrium concept of this game is the Perfect Bayesian Equilibrium. We say that an equilibrium is truthful if the players reveal themselves truthfully in the communication stage, i.e., a player sends a message m I only if his value belongs to this interval. As we will show, players will play a relatively simple strategy in all equilibria of interest. It will be helpful to have this strategy in mind throughout our discussion, so we define it in advance: Definition 2 (Communication Threshold Strategy) 5 Let Λ I be a partition of n I elements, for I = 1, 2. A strategy profile Γ = (C I , m I ) I=1,2 of the game (Λ 1 , Λ 2 ) is said to be a communication threshold strategy if , I = 1, 2. We say that an equilibrium is a threshold equilibrium if it is supported by communication threshold strategy profiles. The following lemma supports our main result.
Lemma 1 Any truthful equilibrium of (Λ 1 , Λ 2 ), Λ I ∈ Λ I , for I = 1, 2, where players make non-zero contributions is supported by a strategy profile Γ only if Γ is a communication threshold strategy profile.
For the sake of presentation, hereinafter we use a simpler notation to drop players subscript. We denote i 1 = i, i 1 = i and i 2 = j, i 2 = j, and the partition thresholds a Moreover, any truthful equilibrium can have at most one positive contribution level for each player. In fact, suppose that players were to contribute (a 1 , b 2 ) following history m 
1. There exists a truthful equilibrium of (Λ 1 , Λ 2 ) where the project is undertaken if and only if there exist i ≤ n 1 and j ≤ n 2 such that
2. For each such pair i, j there exists a unique non-trivial truthful equilibrium. The positive contributions in this equilibrium is (a
There is always a trivial equilibrium of (Λ 1 , Λ 2 ) where players ignore the communication stage and contribute zero as in the contribution game.
Proposition 2 makes a very strong statement by saying that a truthful equilibrium of the communication game with a binary message space cannot be Pareto dominated by any truthful equilibrium with any finite message space. The intuition is that communication provides efficiency gain only if it allows players to send two clear messages: "Yes, I intend to contribute", for messages m i 1 such that i is greater than a threshold i; or "No, I do not intend to contribute", for messages m i 1 such that i is less than a threshold i. The proposition is even more restrictive, since it affirms that the "Yes" message is used only when the message sets are such that there exists a pair (a
Therefore, cheap talk improves efficiency relative to the game without communication, however this improvement is restricted to the simplest communication form, the binary one.
As stated in the third item of Proposition 2, it is important to highlight that the trivial equilibrium, where players ignore the message stage and contribute zero afterwards, always exists. This implies that when the message sets are such that in a threshold equilibrium the project may be implemented with positive probability, the game has two Pareto ranked equilibria: the threshold and the trivial. This multiplicity of equilibria will be very important when we discuss the laboratory data.
Experimental design
We ran a between-subject design experiment with a total of six sessions, two sessions for each of the following treatments: no communication, cheap talk with a binary message space, and cheap talk with a refined message space. The experiment was programmed and conducted with the software z-Tree, Fischbacher (2007) . We used the same two sets of values taken from a uniform distribution and the same group matching in all the sessions.
We had 16 subjects in each session, totaling 96 participants. Subject recruitment was made through the Experimental Economic Center's website. All participants were inexperienced undergraduate students at Getulio Vargas Foundation majoring in courses such as Economics, Business, Law, Social Science, and History. Each participant received US$4.90 to show up plus the session's earnings. 6 Sessions lasted approximately 75 minutes each, including the payment time.
Each session consisted of 25 decision rounds with no practice periods. We used the strangers protocol in which, in each period, new groups are formed randomly in a manner such that agents never know the identity of their partners.
During the experiment, the decision to invest in the joint project was presented as an allocation decision. Any reference to social contribution was avoided in order to not bias the agent's decisions. The subject's task was to choose the amount of his initial endowment to allocate to a Group Account and how much of his endowment to retain. A detailed payoff table was presented on the subjects' computer screens in all decision stages to help them estimate their potential earnings as a function of their private information and their possible actions.
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At the beginning of each period, the subjects were randomly assigned to new pairs. Each subject received a non-storable endowment of 100 tokens in each period, i.e., w = 100. The subject's Group Account valuation, v I , was displayed on his computer screen. This value was private information and the subject only knew that the Group Account value of the other player was uniformly distributed between 0 and 100. A subject's payoff was defined earlier by equation (1) . The Group Account threshold was k = 100.
At the end of each period, after all participants had made their decisions, it was presented in the results screen: (i) if the total allocation to the Group Account was greater than or equal to the threshold 8 , (ii) the amount allocated by the player to the Group Account, (iii) the two messages exchanged, and (iv) his profit in that period. The history of these informations was always available on the computer screen.
The no communication treatment
This is the baseline treatment, relative to the contribution game presented in Section 2.1. In each period, subjects played a one stage game where they observed their respective Group Account value, v I , and simultaneously decided the amount, c I , they wanted to allocate to the Group Account.
The following hypothesis concerns Proposition 1.
Hypothesis 1
In equilibrium, each subject allocates zero to the Group Account, i.e., the project is never undertaken.
The binary communication treatment
The participants now played a two-stage game. In the first stage, each subject observed his Group Account value, v I , and sent one of two possible messages to his partner: "Yes, I intend to allocate tokens to the Group Account" or "No, I do not intend to allocate tokens to the Group Account". We used the same terminology as Palfrey and Rosenthal (1991) . This cheap talk stage allowed players to communicate their type imperfectly, but also it let them mainly communicate their intentions. It is important to emphasize that this message was cheap talk, i.e., it was not binding. In the second stage, each subject observed the message his partner had sent him and then decided how much to allocate to the Group Account, c I .
The next hypothesis concerns Proposition 2 when (Λ 1 , Λ 2 ) partitions the type space in two intervals.
Hypothesis 2 The probability that the total amount allocated to the Group Account exceeds the project cost is greater in the cheap talk game than in the no communication game.
The refined communication treatment
This treatment consisted of the same two stage game as the binary communication treatment, with the only difference being that players could choose to send one of four messages in the first stage: Λ I ≡ {[0, 25), [25, 50) , [50, 75), [75, 100]}. In order to follow the binary treatment, the players had to be able to communicate their intentions. When the subjects were asked "How much do you intend to invest?" they had to send one of the four messages:
"I intend to allocate an amount between 0 and 25 to the Group Account." "I intend to allocate an amount between 25 and 50 to the Group Account." "I intend to allocate an amount between 50 and 75 to the Group Account." "I intend to allocate an amount between 75 and 100 to the Group Account." Any threshold equilibrium must have contribution partitions that create a rectangle above the negative 45-degree line in Figure 2 . But there cannot be multiple such rectangles in a single equilibrium, since this would create incentives for some types to miscommunicate their type, i.e., which rectangle their value is in. Thus, there must be only one rectangle. The single rectangle that maximizes the measure of types on which the project is built is [50, 100] × [50, 100]. But this is exactly the set of types that build the project in the equilibrium of the binary communication game. Thus, the refined communication game cannot improve on the probability of project implementation.
The next hypotheses concern Proposition 2 when Λ I ≡ {[0, 25), [25, 50) , [50, 75), [75, 100]}.
Hypothesis 3 The probability that the total amount allocated to the Group Account exceeds the project cost is greater in the cheap talk game with a refined message space than in the no communication game.
Hypothesis 4
The probability that the total amount allocated to the Group Account exceeds the project cost in the cheap talk game with a refined message space is not greater than in the cheap talk game with a binary message space. Figure 3 plots the average group contribution and the percentage of projects implemented along the periods for each treatment. As can be seen, we observe a more accentuated negative time trend of group contribution in the no communication treatment than in the two communication treatments. This negative time trend in the initial periods may be evidence of learning, something recurrent in laboratory experiments (note that subjects did not have trial periods). In order to make the data consistent with the one-shot game being tested, and to eliminate this learning effect, we perform all the analysis for three subsamples: all periods, the last 20 periods and the last 15 periods. The analysis does not hinge on the sample choice, so we will consider the sample dropping the five first periods in the discussion. 
Results

Excess contribution
Interestingly, we do not observe any clear time trend of the probability of the joint project being implemented, the only dimension of efficiency discussed in our theoretical model, and in all class of VCM models. No pure-strategy equilibrium will have efficiency loss due to coordination failure, since the sum of contributions must equal the cost of the project. However, inefficiency can also be measured by the unproductive amount invested, or the excess contribution which is defined as:
Hence, excess contribution can be interpreted as a measure of coordination failure of this class of models.
In the following subsections we first test the model hypotheses using only the first measure of efficiency, the probability of implementing the joint project. Then, we look at this other dimension of efficiency gain studying the effects of communication on excess contribution. Finally, we look at subject's strategic behavior.
Hypotheses test
We first look at efficiency gain as discussed in the model: the probability of the joint project being implemented. The control treatment is the no communication game, where we observed only 51% of zero contributions, the unique Nash Equilibrium strategy. The positive contribution by the other players resulted in the project being implemented in slightly less than 20% of the cases, what leads us to reject Hypothesis 1 at 5% of significance.
9 Table 1 presents the means and standard errors. This overcontribution pattern is common in public goods experiments and was also observed by Isaac and Walker (1988) The introduction of the communication stage should allow players to coordinate their decisions, making the project more likely to be implemented, as stated in Hypothesis 2. However, the laboratory outcome showed us that both communication schemes failed to increase the probability of the project being undertaken relative to the no communication treatment. In the binary treatment, the project was implemented in only 14% of the cases, while in the refined communication treatment it was implemented in 20% of the cases. Using Wilcoxon rank-sum tests, presented in Table 2 , we see that neither the binary message space nor the refined message space increased the probability of project implementation relative to the no communication treatment. In fact, we reject the hypothesis that the project was equally likely to be implemented in the binary communication treatment and in the no communication treatment in favor of the alternative hypothesis that the project was more likely to be undertaken in the no communication treatment. Hence, we reject Hypotheses 2 and 3. As will be argued in the Subsection 4.3, this weak effect of the communication stage may be due to the multiplicity of equilibria. That is, some subjects may be using the babbling strategy and some may be using the communication threshold strategy, which thereby introduces uncertainty into the game and reduces message credibility. Palfrey Hypothesis 4 says that more refined message spaces do not support a truthful equilibrium in which the project is more likely to be undertaken than in any equilibrium supported by a binary message space. This hypothesis is not so intuitive, and the Wilcoxon rank-sum test does reject it. However, as we just argued this result does not seem to come from an efficiency gain relative to the no communication game. It seems that the larger message space reduced the noise of the binary communication and made the refined communication treatment as efficient as the no communication case.
Therefore, we can conclude that the introduction of the cheap talk stage does not increase the probability of the project being implemented.
One can be critical about the Wilcoxon rank-sum tests because multiple decision by the same individual and decisions by individuals who have interacted, are generally not independent. In order to tackle this issue, and being more conservative, we also used panel regressions with random effects that capture the interaction within the matching group. These regressions corroborate the results just discussed (see Table  A1 in Appendix B). We opted to use these regression estimates as a robustness check because the small time trends of the outcomes variable over periods suggests that the strangers protocol was effective and because of the low statistical power of the panel estimates in our sample.
Efficiency
In this section we evaluate the efficiency of communication by taking into account its effect on the unproductive contribution. The model of Section 2 does not include excess contribution, however we use the four hypotheses derived in Section 3 as a benchmark for the following analysis.
As already argued, people made blind contributions in the no communication treatment. These blind contributions sustained a higher level of excess contribution, since subjects contributed with no signal about their partner's valuations or intentions. In the no communication treatment, each group wasted on average 31.4 tokens in excess contribution, while in the binary and refined communication treatments we observed an average waste of less than 22 tokens.
As presented in Table 2 , by comparing each communication treatment to the no communication treatment, the Wilcoxon rank-sum test rejects the null hypothesis that communication does not affect excess contribution. Thus, an analogous version of Hypotheses 2 and 3, that communication allows efficiency gain relative to the contribution game, is supported by the data.
The same hypothesis test fails to reject the hypothesis that the two communication treatments have the same mean excess contribution. This means that, making an analogy to Hypothesis 4, the refined message space does not provide efficiency gain relative to the binary under this other efficiency measure, the excess contribution.
Combining the two efficiency measures, and looking at the group payoffs, we can see that communication indeed increased payoff relative to the contribution game and that the larger message space did not improved efficiency relative to the binary communication.
Therefore, communication seems to increase efficiency in relation to the contribution game. However, this efficiency gain is not obtained by a higher probability of the project being implemented as predicted by the model. The main effect of communication is to reduce the unproductive contribution, or the failure of coordination. With this result in mind, we believe that our findings show that communication is a useful mechanism to enhance efficiency. However, we observed that the efficiency gain due to communication is very limited, since a more refined message space failed to do better than the "Yes" or "No" messages. 10 
Behavior patterns
We now look at the subjects' behaviors, attempting to identify the strategies used by them. In the contribution game, the only equilibrium strategy is the zero contribution. However, we observed that only 51% of the decisions used this strategy, while the others contributed a positive amount. As we can see in Figure  4 , the non-zero contributions do not seem to have a clear pattern, with a small spike around 50. As we will show later, we find the same pattern in contributions following a communication history that contains a "No intention to contribute" message. The analysis of the communication game is not as straightforward because the two stage game has multiple equilibria. In the binary treatment we have two classes of equilibria: the babbling equilibrium, where players behave freely in the communication stage and contribute zero independently of the message history, and the threshold equilibrium. In the refined communication treatment, we have the babbling equilibrium, three threshold equilibria (one symmetric and two asymmetric) and at least a pair of non-truthful equilibria with positive contribution.
11 Note that the threshold equilibrium Pareto dominates the babbling for players with values greater than the contribution thresholds. Players with value smaller than or equal to this threshold are indifferent between playing babbling or threshold strategies, as both strategies give the same expected payoff. In what follows, we restrict our attention to only two strategies: the babbling and the symmetrical threshold.
The babbling strategy allows players to fool or truthfully reveal their types in the communication stage. However, it states that players contribute zero in the second stage independently of the message they receive. Individuals playing the communication threshold strategy truthfully reveal their types in the communication stage and their choices in the contribution stage are contingent on the messages exchanged. These players contribute 50 tokens each if the message history is such that both communicated "Yes", which in the refined treatment means that both said they intend to contribute more than 50 tokens.
We use the following three main different characteristics of these equilibria to identify them in the data: (i) we expect to observe more truthful revelation on the communication threshold strategy than on the babbling strategy; (ii) positive contribution is consistent only with the communication threshold strategy; and (iii) the message received should affect contribution only for players with values high enough who are playing the communication threshold strategy.
First, we look at the message sent in the communication stage. The histograms below show the communication patterns for each value interval. We can observe a similar communication pattern in both communication treatments. By looking at the values of players who sent each message, we observed a tendency of under revealing their types in the refined communication treatment. Without losing information, we bunch the messages [50, 75) and [75, 100] and read them hereinafter as a "Yes" message on the binary treatment, and bunch [0, 25) and [25, 50) hereinafter as a "No" message. Using a Kolmogorov-Smirnov test we cannot reject the hypothesis that the distribution of players' values who send a "Yes" message is equal on the two communication treatments.
12 Thus, behavior in the communication stage seems to be consistent with the equilibria strategies. Second, we now turn to the second stage of the communication treatments, i.e., the contribution stage. If a player is not playing naively, when he sends a message in the first stage he already knows whether there is a positive probability of his contribution being positive in the second stage. That is, if the subject's value is small enough or if he is playing the babbling strategy, he knows that he will contribute zero in the second stage for sure. On the other hand, someone with high value playing the communication threshold strategy knows that he will contribute a positive amount only if he receives a positive message from his partner. Note that initially, the partner does not know for sure whether he will make a positive contribution at the second stage exactly because his contribution is contingent on the message he receives.
The contribution stage is a continuation game that follows a communication history, so the analysis of the contribution must be truncated by these message histories. Figure 6 presents the contribution histograms of each continuation game. The distribution of contributions on a communication treatment following a "No" message is very similar to the distribution of contributions on the no communication treatment (see Figure 4) . The difference is that we observe a higher probability of zero contribution. On the other hand, the distribution of contributions on the communication treatments following a (Yes,Yes) message history is significantly different from the distribution of contributions on the no communication treatment. We can see a smaller probability of zero contribution and a higher probability of contributing around 50. Also, we fail to reject the hypothesis that the distribution of contributions following a (Yes,Yes) message history is equal in both communication treatment. The results of these Kolmogorov-Smirnov tests are presented in Table A2 in Appendix B, and Table A3 presents the mean of non-zero contribution and the percentage of zero contributions.
Hence, these evidences suggest that the main effect of communication was to increase the share of zero contributions following a pessimistic message history, i.e., any history different from (Yes,Yes); and to reduce the share of zero contributions after an optimistic message history (Yes,Yes). Also, the evidence that some players made no contributions following optimistic histories suggests that some of them were playing the babbling strategy.
Remember that in the previous subsection, we saw that communication provides efficiency gain by reducing the excess contribution, i.e., reducing the failure of coordination. What this last discussion suggests is that this efficiency gain is mostly due to a coordination on the zero contribution when the project is not The last remarkable difference between the babbling and the threshold strategies is that a player's contribution is not affected by the message received whether agents are playing the babbling or the communication threshold strategy and have a value below a certain threshold. In this scenario, when an agent chooses to send a "No" message in the first stage he is also choosing to contribute zero in the second stage. So, we want to determine whether the message received by the player had different effects on his contribution by looking at players with different values who sent different messages. To do so we regress contribution on value and the received messages across different subsamples truncated by the sent messages and values, using individual random effects. The communication threshold strategy would say that the received messages are significant in explaining the contributions only for players with a value over a certain threshold who submit a truthful message. We used a dummy variable that is equal to 1 if a "Yes" message was received and zero otherwise. The coefficient of this variable captures the impact of the received message in the contribution given the player's type and his announcement in the first stage. value, dummy message "Yes" received and 32 matching groups. Periods [6, 25] . ** p<0.01, * p<0.05, + p<0.1. Table 3 : Coefficient of dummy message "Yes" received.
As can be seen in Table 3 , in both communication treatments, the message received did not affect the contribution decision of subjects with low values, independently of the message they sent in the first stage. This is consistent both with the babbling and the threshold strategies of subjects with low value. In both communication treatments, the message received is not significant to explain the contribution decision of players with value sufficiently high who sent a "No" message. This suggests that subjects used the babbling strategy even in situations where the communication threshold strategy was strictly dominant.
In both treatments, the message received significantly increases the contribution of players with higher values who sent a "Yes" message in the first stage. This is consistent with the communication threshold strategy. In fact, the message received is relevant in explaining the contribution behavior in those situations where the communication threshold strategy was dominant. In the refined treatment, the received message was significant for players with intermediary values who sent "No" message. This is consistent with players using an asymmetric communication threshold strategy (remember that the "No" message bunches [0, 25) and [25, 50) ). However, we find no spikes in the contribution histograms around these values.
Thus, we found evidence that subjects played the two possible equilibria: the babbling and the threshold equilibria. It is worth mentioning that the existence of multiple equilibria introduced uncertainty into the game, mostly for the subjects with high value who intended to contribute. When a player with high value who truthfully reported his type received a positive message in the second stage, he was not sure whether his partner was playing the communication threshold strategy as well or the babbling strategy. His contribution decision at this point is analogous to a "stag hunt" game in which there are two equilibria, one that is payoffdominant, where both contribute 50 tokens, and another which is risk-dominant, where both contribute zero. This additional uncertainty may have precluded the project being implemented in more situations. At the other extreme, following a pessimistic message history, players did not face any additional uncertainty, and the dominant strategy was the zero contribution. So, the findings in the last two subsections are coherent with the incentives faced by the players.
Conclusion
This paper models the behavior of two agents in situations where non costly communication could lead to welfare gain. We argue that cheap talk can enhance efficiency relative to the no communication game. However, even when players have several (finite) messages possibilities, they cannot do better than when they can use only "Yes" or "No" messages.
Laboratory experiments were used to test these theoretical results. We find evidence that communication indeed seemed to increase efficiency relative to the contribution game. However, this efficiency gain was not obtained by a higher probability of the project being implemented, but by reducing failure of coordination, measured as the amount of unproductive contribution. Communication seemed to work by allowing players to coordinate on the zero contribution when the project was not desirable for at least one of them. We also found that larger message space does not increase efficiency.
We found evidence that subjects did play the two possible equilibria: the babbling and the threshold equilibria. The existence of multiple equilibria may have been an additional source of uncertainty in the game when players were willing to contribute to the joint project. This may have inhibited the positive effect of communication in the provision of the public good.
We believe that our findings add to the literature on the usefulness of communication to enhance efficiency. Also, the paper shad light on the mechanism that leads to this efficiency gain. However, in this setting where both players have private information and decision power, differently from Crawford and Sobel (1982) , the communication gain is very limited because the simplest communication structure ("Yes" or "No" messages) provides the same incentives to agents as any finite partition of the type space. Lemma B Any contribution in a truthful equilibrium of (Λ 1 , Λ 2 ) satisfies
Proof. Take a positive contribution
. By truthful revelation and Lemma A, it must be that
In any equilibria of a continuation game, where contribution is positive we must have that Lemma C Any truthful equilibrium of (Λ 1 , Λ 2 ) can have at most one positive contribution level for each player.
Proof. Suppose a truthful equilibrium in which players have more than one positive contribution level. Take the two smallest contribution levels Therefore, given any finite partition (Λ 1 , Λ 2 ), the communication threshold strategy is the unique strategy that supports a truthful equilibrium where players contribute non-zero values with positive probability.
Proof of Proposition 2.
To prove necessity, let Γ be an equilibrium strategy profile where players truthfully reveal their types in the communication stage and make non-zero contributions with positive probability. Hence, by Lemma 1, (Λ 1 , Λ 2 ) must be such that there exists a pair (i, j) with a i−1 + b i−1 = k.
To prove sufficiency, one just need to let players use a communication threshold strategy profile. The uniqueness follows directly from Lemma 1 as well. Table A2 : Positive contribution distribution, Kolmogorov-Smirnov tests (Periods [6, 25] ).
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